The paper presents unique functional capabilities of silicon with nanoclusters of impurity atoms with various characters. It is shown that, depending on the nature of the clusters, it is possible to expand the spectral diapason of sensitivity towards the IR region and obtain silicon with anomalously high negative magnetoresistance (Δρ/ρ > 100%) at room temperature. The formation of clusters of impurity atoms with different nature and concentration in the lattice of semiconductor materials is a new approach for obtaining bulk-nanostructured silicon with unique physical properties.
Introduction
Practically all of the main functionalities of existing semiconductor materials have been entirely well studied and used in the sphere electronics [1] [2] . Each of these fields required individual class of materials with certain physical properties and fundamental parameters. So, for instance, to provide cheap and highly efficient fiber-optic communication based on passive optical network technology, it would necessary to create low cost prices of LED emitters in the range of λ = 1.5 -1.6 micron, as well as photodetectors with highly sensitive high-speed for working in this spectral region. However, at present, there are practically no existing low cost semiconductor materials and respectively technologies make it possible to massively create such devices [3] .
The development of some nanoelectronic directions is determined due to need of developing technology for bulk nanostructured semiconductors with controlled parameters of the structure, composition, and other properties of nanoobjects. Obtaining such materials will allow a creation of new types of materials photon, as well as materials unique functionality of nanoscaled superlattices. However, the modern technology of nanostructure formation also does not allow obtaining such materials on a wide scale [4] .
As is known, a low of efficiency of modern industrial silicon photovoltaic cells (up to 20%) is associated with inefficient use irradiation of solar energy in the region of the spectrum with the range λ = 1.2 -3 micron (about 40% of the total solar irradiation), and also with the effect thermalization of photogenerated charge carriers associated with the absorption quants of light with the energy hν > E g . Some calculations [5] show that the loss of efficiency in single-cascade photovoltaic cells due to such effects is about 50%.
The high efficiency of multicascade photovoltaic cells which based on semiconductor compounds of А III В V [6] are subjected to quite a complicated technology for their fabrication and require expensive equipment, which finally determines their high cost. Apart from this, their widespread application in terrestrial conditions is of particular difficulty.
There is some question arises: can we create semiconductor materials, in terms of their physical properties and fundamental parameters, to ensure the development of modern electronics and photovoltaic energetics?
Materials and Methods
Studies carried out in the last 15 -20 years have shown the technology of "low-temperature" diffusion doping developed [7] [8] [9] [10] [11] , with subsequent annealing of the material under certain conditions, which has made it possible not only to significantly change the state of impurity atoms in the silicon lattice, but also to obtain silicon with absolutely new electrical and photoelectric properties. The result of application of the developed technology consists of formation atomic or binary, monomolecular and more complex clusters of impurity atoms in the lattice of silicon [12] . Such nanostructures in the bulk of a silicon lattice with controlled concentration, size, composition and structure 
Results and Discussion
In Figure 1 shows the state of impurity nickel atoms in silicon after diffusion, which was studied by means of an infrared microscope. The cooling rate was T = 100˚C/s. Similar samples were subjected to additional annealing at T = 850˚C
and T = 650˚C during those hours ( Figure 1 From the surface of the samples obtained, 50 micron silicon was removed step by step to the middle of the sample thickness and the state of the clusters was studied using an IR microscope.
As the results showed, no significant changes were observed. This means that the clusters are distributed uniformly throughout the bulk of the crystal. At the same time, in the samples subjected to additional thermal annealing at T = 850˚C an interesting phenomenon is observed, that is, the clusters are enlarged and their ordering begins (Figure 1(b) ). This process intensifies with a decrease in the annealing temperature and practically reaches its equilibrium state at T = 650˚C (Figure 1(c) ). These results show that changing the conditions for temperature annealing can control not only the dimensions of the clusters, but also their state in the lattice. These amazing phenomena require more detailed studies, since the mechanism for the formation, integration and ordering of clusters in certain directions has not yet been entirely studied. Preliminary results
showed that the cluster-silicon structure is a Schottky barrier with an ideal I-V characteristic and special thermal and optical properties.
As is known in silicon [15] , nanoclusters are formed consisting of four man- ] +7 [16] . In this case, the band structure of silicon with multicharged clusters can be represented as follows (Figure 2 ), which explains entirely the characteristics of the photoelectric properties of such materials.
The spectral dependence of the photoconductivity of the samples under study is shown in Figure 3 . As can be seen, a number of anomalous phenomena are observed in them. Firstly, the photoresponse begins at hλ = 0.12 -0.13 eV (λ ~ 10 micron, at T = 100 K), which can not be explained from the standpoint of electron statistics. In addition, as known, manganese atoms in silicon create two donor levels with an ionization energy E 1 = E C -0.27 eV, E 2 = E C -0.5 eV [17] , and in the samples under study if these levels are maintained, they will be 100% empty, since the samples were of p type. Therefore, we can say that the observed photoresponse is associated only with the transition of electrons from the valence band to the energy levels near the valence band. Secondly, as seen, the value of the photocurrent continuously increases with increasing energy of the incident photon up to hλ = 0.7 -0.8 eV (λ ~ 1.5 -1.6 micron). This behavior of the photocurrent can not also be explained by the presence of any discrete energy levels in the forbidden band in silicon. Third, in the samples under study in the region hλ = 0.7 -0.8 eV (λ = 1.5 -1.6 micron), an anomalously large impurity conductivity is observed, the value of which practically does not differ from the value of the photocurrent in the intrinsic conductivity region (hλ ≥ 1.12 eV). This behavior of photoconductivity can be only in the case of the formation of a subband or mini zone, which provides interband optical transitions. These results indicate that a photomagnetic phenomenon is observed in the materials under study, which is absent in ordinary magnetic semiconductors.
Therefore, we can say that these amazing phenomena in silicon with magnetic clusters will lay the foundation for a new scientific direction in the field of semiconductor materials science with the possibility of using them for developing fundamentally new photomagnetic devices. This is due to the fact that unlike silicon, new phases can have a direct-band structure, which increases the probability of interband optical transitions by several orders of magnitude.
Therefore, it can be argued that silicon materials with binary nanoclusters can be used as promising materials for photovoltaic energetics, allowing them to create more efficient photovoltaic cells [18] [19] [20] replacing expensive multicascade structures on their basis. This can be proved by the results of a study of photovoltaic cells with binary clusters of SMn composition.
There is main parameters (I sc and V ov ) were investigated in a special setup, which practically completely excluded light from the incident solar radiation with a quantum energy corresponding to intrinsic absorption in silicon. Lighting of the photovoltaic cells was carried out through a 5 mm thick silicon filter made of high-resistance silicon providing absorption of radiation with hν > E g , but transmitting more than 30% of the long-wavelength infrared solar radiation. As a control, a solar cell was used for industrial production.
As can be seen from Table 1 , the contribution of the long-wave part (hν < E g ) of solar irradiation for an element of industrial production does not exceed 0.5% (1/203), and for a sample with a concentration of sulfur and manganese 10 17 cm −3 reaches 1/40 -2.5%, that is, increases fivefold. Taking into account the ref-
lection coefficient of the infrared radiation of the sun from the front and rear surfaces of the silicon filter (not less than 70%), it is possible to assume an increase in the short-circuit current of photovoltaic cells with clusters by 8%. Then the absolute increase in the efficiency of such a photovoltaic cell may be 1%. Figure 7 shows the spectral dependence of the short-circuit current of the ex-perimental and the reference photovoltaic cell obtained on the monochromatic spectrometer of IKS-21.
As can be seen from the figure, an appreciable short-circuit current appears even at hν > 0.4 eV (λ = 3 micron). All these data allow us to state that when developing optimal alloying conditions using specially selected impurity atoms, it is possible to expand the spectral region of silicon sensitivity substantially and, on this basis, to develop more efficient solar cells.
The sensitivity of photovoltaic cells made on the basis of silicon with binary 
Conclusion
All of the results obtained give reason to believe that silicon with nanoclusters of various nature is indeed a unique material in the field of semiconductor materials science. Therefore, the main task is the further development of technologies for obtaining such materials with controlled properties and composition of clusters, as well as the study of their electrical, photoelectric optical and magnetic properties, which will allow us to correctly estimate their functional capabilities for photoenergetics and electronics.
